Introduction {#S0001}
============

Hepatocellular carcinoma (HCC) is the most common primary liver cancer, and the fifth most common cancer allover the world.[@CIT0001] Its allover frequency in Egypt is 2.3% among other types of cancer. HCC has increased two fold in chronic liver disease patients for the last ten years. Liver cirrhosis due to hepatitis C virus contributed to 48% of HCC cases.[@CIT0002]--[@CIT0005]

Without pathologic confirmation, HCC can be diagnosed using the combination of serum alpha-fetoprotein (AFP) level and imaging procedures, including ultrasonography, dynamic magnetic resonance imaging, and triphasic spiral computerized tomography.[@CIT0006]

About 44% of patients are diagnosed at localized disease stage and curative treatment can be done to only 30% of patients with HCC at the time of diagnosis. So early diagnosis must be considered.[@CIT0007]

Since AFP was discovered in HCC patients in 1964,[@CIT0008] it has been considered as the most useful marker in these patients[@CIT0009] in spite of its low sensitivity (25--60%),[@CIT0010] and specificity, and its presence in 11--47% of patients with cirrhosis and 15--58% of patients with chronic hepatitis.[@CIT0011]

More than 20 serum proteins in addition to AFP have clinical significance in HCC\'s early diagnosis and several of them are considered to have advantages over AFP. DKK1 belongs to a family of secreted proteins that play an important role in HCC progression through the promotion of cytoplasmic/nuclear accumulation of beta-catenin in HCC cells via the Wnt/beta-catenin signaling pathway.[@CIT0011],[@CIT0012]

Shen et al, (2012)[@CIT0012] reported that DKK1 had better diagnostic value in HCC patients than AFP, especially in early stages of HCC with low AFP levels. Combined testing of serum DKK1 and AFP was more accurate than either of them alone.

This study aimed to evaluate the role of Dickopff 1 (DKK1) serum levels as a marker for early detection of hepatocellular carcinoma (HCC) and to compare it with alphafetoprotein (AFP) after non-surgical intervention (microwave ablation, radiofrequency ablation) in HCC.

Patients and Methods {#S0002}
====================

This prospective study was conducted in Al-Mahalla hepatology teaching hospital from June 2015 to June 2017. The study protocol was performed according to the ethical guidelines of Helinski declaration; and the protocol was approved by the ethics committee of Tanta University faculty of medicine. All authors contributed to data analysis, drafting or revising the article, gave final approval of the version to be published, and agree to be accountable for all aspects of the work. A written informed consent was signed by all patients participating in this study.

One hundred and twenty patients were included. They were classified into four groups: Group A: included 40 patients with chronic liver disease according to clinical, laboratory, and ultrasonographical findings divided into 2 sub-groups on basis of child-Pugh score, both AFP and DKK1 were measured, subgroup A (a): 20 cases of CLD child A and B, subgroup A (b): 20 cases of CLD child C.

Group B: included 40 patients with HCC. They were diagnosed by spiral CT. DKK1 was done and the cases were subdivided into group B (a): included patients who were not eligible for non-surgical intervention (MWA and RFA). The exclusion criteria for non-surgical intervention were portal vein thrombosis, hepatic metastasis (secondaries) or abdominal lymph node infiltration, tumors larger than 4 cm in diameter, tumors located within 1 cm of liver hilum, gall bladder or common bile duct, tumors in the dome of liver which may be unreachable percutaneously, platelets less than 60,000 mL, prothrombin concentration less than 60% and Child--Pugh class C patients; Group B (b): included patients who were eligible for non-surgical intervention, AFP and Dkk1 were measured before intervention and one month after intervention; whereas the inclusion criteria for nonsurgical intervention were tumors smaller than 4 cm in diameter, platelets more than 60,000 mL, prothrombin concentration more than 60%, and Child Pugh class A or B.

Group C: included 20 healthy control subjects.

Group D: included 20 HCC patients with negative AFP, DKK1 was done for them.

History was taken. Clinical examination was done. Laboratory investigations including liver functions, viral markers, and AFP and DKK1 estimation by ELISA technique were performed for all subjects.

AFP-L3 concentration was determined using AFP-L3 ELISA kit, Catalog No. E1117h, EIAab Science Co, Ltd. The kits used to assay the DKK1 in the sample of serum of human patients and controls uses a double--antibody sandwich enzyme linked immunosorbent assay to assess the level of human DKK1 in serum samples.

Statistical Analysis {#S0002-S2001}
--------------------

Data were analyzed using Statistical Program for Social Science (SPSS) version 20.0 Statistical tests including *t*-test of significance was used when comparing two means. A one-way analysis of variance (ANOVA) was used when comparing more than two means. Post Hoc test (Tukey's test) was used for multiple comparisons between more than two means. Receiver operating characteristic (ROC curve) analysis was used to find out the overall predictivity of parameter.

Results {#S0003}
=======

The demographic and clinical data of the studied groups are demonstrated in [Table 1](#T0001){ref-type="table"}. AFP and Dickpoff 1 showed highly significant statistical difference between all groups (p \< 0.001) in both. AFP had a mean 11.06± 5.19 ng/mL in Group A (cirrhotic), a mean of 293.43±318.03 ng/mL in group Ba (HCC patients not eligible for intervention), a mean of 815.65± 490.32 ng/mL in group Bb (HCC patients eligible for intervention), a mean of 1.43± 0.43 ng/mL in group C, and mean of 12.33± 3.02 ng/mL in group D (AFP negative group) ([Table 2](#T0002){ref-type="table"}).Table 1Demographic and Clinical Data of All Studied PatientsGroup BaGroup BbChi-squaredN%N%TestP-valueAgeRange47 -- 6742 -- 70T: 0.1920.664Mean ± SD53.65 ± 5.6554.60 ± 7.88SexMale15751260χ^2^: 1.0260.311Female525840ResidenceRural18901785χ^2^: 0.2310.633Urban210315Family history of HCC15751680χ^2^: 0.1380.705DM1155945χ^2^: 0.4010.527Smoking840735χ^2^: 0.1120.744Coffee (3 cups/day)210315χ^2^: 0.2310.633Hematemesis15751365χ^2^: 0.7280.393Hepatic encephalopathy12601155χ^2^: 0.1010.749Rt hypchondrial pain14701260χ^2^: 0.4390.507Ascites13651155χ^2^: 0.4210.519Jaundice1575945χ^2^: 3.7520.053Anti HCV178520100χ^2^: 3.2430.072HBsAg42015χ^2^: 2.0570.151 Table 2Comparison Between Different Groups as Regards to Serum Alfa FetoproteinRangeMean±SDFP-valueGroup A1.3--2011.06±5.1987.6950.001\*Group Ba18--1250293.43±318.03Group Bb21--1456815.65±490.32Group C1--2.31.43±0.43Group D8.5--17.512.33±3.02**Tukey's testGroup AGroup BaGroup BbGroup C**Group Ba0.001\*Group Bb0.001\*0.001\*Group C0.3280.001\*0.001\*Group D0.9680.001\*0.001\*0.309[^1]

Dickpoff 1 had a mean 1.28±0.1 ng/mL in Group A (cirrhotic), 2.3±0.08 ng/mL in group Ba (HCC patients not eligible for intervention), 2.38± 0.33 ng/mL in group Bb (HCC patients eligible for intervention), 0.73±0.12 ng/mL in group C, and 1.83±0.88 ng/mL in group D (AFP negative group) ([Table 3](#T0003){ref-type="table"}).Table 3Comparison Between Different Studied Groups Regarding Serum DKK1 LevelSerum DKK1ANOVARangeMean±SDFP-valueGroup A1--1.431.28±0.158.2390.001\*Group Ba2.17--2.452.30±0.08Group Bb2.15--2.352.38±0.33Group C0.54--0.960.73±0.12Group D0.54--3.331.83±0.88**Tukey's testGroup AGroup BaGroup BbGroup C**Group Ba0.001\*Group Bb0.001\*0.107Group C0.001\*0.001\*0.001\*Group D0.001\*0.001\*0.001\*0.001\*[^2]

AFP was significantly lower one month after intervention (RFA and MWA) (332.98 ±444.74 ng/mL) than before intervention (815.65±490.32) ([Table 4](#T0004){ref-type="table"}). Whereas; DKK1 was highly significantly lower one month after intervention (RFA and MWA) (1.37±1.24 ng/mL) than before intervention (2.38±0.33 ng/mL) ([Table 5](#T0005){ref-type="table"}).Table 4Comparison Between Serum Level of AFP in Group Bb Before Intervention (MWA and RFA) and One Month After interventionGroup BSerum AFP Group BbPaired *t*-testRangeMean±SDTP-valueBefore21--1456815.65±490.3210.6330.002\*After6.7--1312332.98±444.74[^3] Table 5Comparison in Group Bb of Serum Level of DKK1 Before and After InterventionGroup BSerum DKK1 Group BbPaired *t*-testRangeMean±SDTP-valueBefore2.15--3.352.38±0.3312.3730.001\*After0.55--3.741.37±1.24[^4]

Moreover; DKK1 was highly significantly lower in completely ablated cases (0.68± 0.13 ng/mL) than recurrent cases (3.45± 0.25) ([Table 6](#T0006){ref-type="table"}).Table 6Serum DKK1 in Both Recurrence and Completely Ablated Cases Group BbRecurrenceSerum DKK1 Group Bb*t*-testRangeMean ± SDTP-valueYes3.10--3.743.45 ± 0.25109.8530.001\*No0.55--0.900.68 ± 0.13[^5]

Regarding recurrence of HCC one month after ablation; in group Bb 4 cases (20%) were detected as recurrent cases of HCC by serum AFP level, while 5 cases (25%) were detected as recurrent cases of HCC by serum DKK1 ([Table 7](#T0007){ref-type="table"}).Table 7Serum Level of AFP and DKK1 in Recurrent Cases and Completely Ablated Lesions After One Month in Group Bb (HCC)Recurrence in Group BbSerum α-FetoproteinSerum DKK1N%Nre%Recurrent cases420525Completely ablated cases16801575

14 cases (70%) were positive for serum DKK1 in AFP negative group (group D) with cut off value more than 2.1 ng/mL ([Table 8](#T0008){ref-type="table"}).Table 8Level of Serum DKK1 in Group D (AFP Negative Group)NegativePositiveNumber%Number%Serum AFP20100.000.0Serum DKK1 (Median for \> 2.2) with cut off \> 2.15630.01470.0

Regarding the cut off serum level of DKK1 above 2.1 ng/mL in recurrent cases of HCC after ablation, all sensitivity, specificity, positive predictive value, and negative predictive value were 100%, while for AFP at cut off serum level value of more than 400 ng/mL, sensitivity, specificity, positive predictive value, and negative predictive value were 80%, 60%, 67%, and 75% respectively ([Table 9](#T0009){ref-type="table"}).Table 9ROC Curve Between Recurrent and Non-recurrent HCC After AblationROC Curve Between Recurrent and Not RecurrentCut offSens.Spec.PPVNPVAccuracySerum_DKK1\>2.1100.0100.0100.0100.0100.0Serum α-fetoprotein\> 40080.060.067.075.070.0

Regarding the cut off serum level of DKK1 of 1.4 ng/mL sensitivity, specificity, positive predictive value, and negative predictive value were 90%, 100%, 100%, and 92% respectively ([Table 10](#T0010){ref-type="table"}), while, regarding AFP at cut off serum level value of more than 8.5 ng/mL, sensitivity, specificity, positive predictive value, and negative predictive value were 60%, 70%, 80%, and 45% respectively ([Table 11](#T0011){ref-type="table"}).Table 10Specificity and Sensitivity of Serum DKK1 Cut off Level of 1.4 ngGroup ACut offSens.Spec.PPVNPVAccuracySerum_DKK1\> 1.490.0100.0100.092.083.0 Table 11Specificity and Sensitivity of Serum α-Fetoprotein Cut off Level of \> 8.5 ng/mLGroup ACut offSens.Spec.PPVNPVAccuracySerum α-fetoprotein\> 8.560.070.080.045.062.0

Discussion {#S0004}
==========

This study showed significant AFP elevation in group Bb (HCC patients eligible for intervention), with a mean of 815.65±490.32 ng/mL compared to group Ba (not eligible for intervention), with a mean of 293.43±318.03 ng/mL, group C (healthy controls) with a mean of 1.43±0.43 ng/mL; group D (AFP negative group), with a mean of 12.33 ng/mL and Group A (cirrhotic), with a mean of 11.06±5.19 ng/mL. This was similar to Zahran et al, 2016,[@CIT0013] who found significant AFP elevation in HCC patients with a mean of 2779.74 ± 7928.8 compared to the cirrhotic group with mean of 8.65 ± 7.75. Also, Erdal et al, 2016,[@CIT0014] detected similar AFP findings with a mean of 1466.3±1228.4 and 7.3±1.9 in HCC and cirrhotic patients respectively.

The present study showed DKK1 was significantly higher in group Bb (HCC patients eligible for intervention), (mean 2.38 ng/mL± 0.33ng/mL) than in group Ba (not eligible for intervention), (mean2.3±0.08 ng/mL), group D (AFP negative group), with mean of 1.83 ±0.88 ng/mL, Group A (cirrhotic), (mean 1.28±0.1 ng/mL) and Group C (healthy controls), with a mean of 0.73± 0.12 ng/mL. Also, DKK1 was elevated in group D compared to group A and in group A compared to group C. In agreement with our study, Erdal et al, 2016,[@CIT0014] detected that DKK1 levels were elevated in HCC patients (2.1±0.3 ng) compared to cirrhotic group (1.4±0.08 ng). Also, Zahran et al, 2016,[@CIT0013] detected similar findings in DKK1 levels in HCC patients (mean 1.815 ± 0.625) compared with others.

This study was also similar to that of Shen et al, 2012,[@CIT0012] which reported that serum levels of DKK1 were elevated in HCC patients in comparison to all controls. Also, Zhang et al, 2014,[@CIT0015] showed that DKK1 level was higher in HCC patients than cirrhotic ones, and healthy controls.

Our study results also agree with Prieto and Cha, 2013,[@CIT0016] who reported that DKK1 levels could differentiate between chronic HBV infection, cirrhosis, and HCC. Also, Sharaf et al, 2016,[@CIT0017] detected the significant difference between values of DKK1 in HCC patients (mean 4.97±2.23 ng/mL) compared to liver cirrhosis patients (mean 2.28±0.90 ng/mL).

On the other hand, the current study does not agree with Tung et al, 2011,[@CIT0018] who did not show any significant difference in serum DKK-1 levels between cirrhotic and non-cirrhotic patients, but elevation in HCC group.

Serum DKK1 -- in our study -- was significantly lower at one month after intervention (RFA and MWA) (1.37 ± 1.24 ng/mL) than before intervention (2.38±0.33 ng/mL) in group Bb (HCC group eligible for non-surgical intervention (RFA and MWA)), which was similar to Sharaf et al\'s study, 2016,[@CIT0017] which showed decrease in serum DKK1 levels after radiofrequency ablation or alcohol injection of HCC (P\<0.001). Also, Yang et al, 2013,[@CIT0019] concluded that high serum Dkk-1 level was associated with poorer overall and relapse-free survival than low Dkk-1. Tung et al, 2011,[@CIT0018] stated the reduction of serum DKK1 levels after liver resection in HCC patients. So, high DKK1 could be a result of over-production of it by tumor cells.

In this study, at one month after ablation in group Bb (HCC patients eligible for non-surgical intervention) 4 cases (20%) were detected as recurrent cases of HCC by serum AFP level; while; 5 cases (25%) were detected as recurrent cases of HCC by serum DKK1. These results were similar to those of Tung et al, 2011,[@CIT0018] who stated that AFP was the most commonly used tumor marker in spite of its low speciﬁcity and sensitivity in the primary diagnosis of HCC or diagnosis of recurrence after treatment. Also, Shen et al, 2012,[@CIT0012] concluded that DKK1 was more accurate than AFP in early detection of HCC, which could improve patient survival.

Our study was also similar to that of Zhang et al, 2014,[@CIT0015] whose meta-analysis showed the acceptable accuracy of DKK1 in comparison to AFP in detection of HCC.

Also, Fouad et al, 2016,[@CIT0020] stated that serum DKK1 could be a complementary test to AFP in diagnosis of HCC.

In our study, 14 cases (70%) were positive for serum DKK1 with cut off value more than 2.1 ng/mL, in AFP negative group (group D). This is in agreement with Sharaf et al, 2016,[@CIT0017] who stated that 8 of 13 AFP negative HCC patients, and all AFP-positive patients, had positive DKK1 results. Also, this study concluded that testing for both DKK1 and AFP increased the accuracy of HCC diagnosis. Meanwhile, DKK1 could be used alone with inconclusive AFP.

DKK1 could be considered as a promising prognostic marker for follow up of HCC patients who underwent loco-regional treatment. This was also similar to Yang et al, 2013,[@CIT0019] who stated the better sensitivity and accuracy of Dkk-1 than AFP, and that 73.1% of the patients with early HCC and normal AFP could be diagnosed by Dkk-1.

According to [Table 8](#T0008){ref-type="table"}, correlation between size of HCC and serum level of AFP in both groups Ba and Bb was not significant; while, serum DKK1 protein correlated signiﬁcantly with tumor size.

This was similar to Sharaf et al, 2016,[@CIT0017] who stated that serum DKK1 was more elevated in HCC patients with focal lesions \>3 cm than focal lesions \<3 cm. This indicated that DKK1 level increases with disease progression from cirrhosis to small focal lesion then large focal mass. Also, these results were similar to Tung et al, 2011,[@CIT0018] who reported a stepwise increase in serum DKK1 from liver cirrhosis to early HCC then to advanced HCC.

Regarding cut off serum level of DKK1 above 2.1 ng/mL in recurrent cases of HCC after ablation, sensitivity, specificity, positive predictive value, and negative predictive value were 100%, while AFP at cut off serum level value of more than 400 ng/mL had sensitivity of 80%, specificity of 60%, positive predictive value of 75%, and negative predictive value of 67%.

This was similar to Zahran et al, 2016,[@CIT0013] who stated that ROC curve showed that Dkk1 had best diagnostic performance compared to AFP in HCC patients. Also, our study was similar to that of Yang et al, 2013,[@CIT0019] who demonstrated larger AUC of DKK1 (0.877) than that of AFP (0.793), (p\<0.05); meaning better sensitivity, specificity, and accuracy of DKK1. Also, Beppu et al, 2010,[@CIT0021] stated that the higher the AFP cut-off level, the higher the specificity, and the lower the sensitivity.

On the other hand, the optimum cut off in our study did not agree with Sharaf et al, 2016,[@CIT0017] who concluded that the optimum cut off value of DKK1 for diagnosis of HCC was 4.3 ng/mL (sensitivity 66.7%, specificity 96.6%, AUC 0.89, and P\<0.001). While the optimum cut off value for AFP was \> 101 ng/mL with sensitivity of 90% and specificity of 75.9% (p\<0.001).

Also, our result did not agree with Erdal et al, 2016,[@CIT0014] who found that DKK1 alone had lower sensitivity, specificity, PPV, and NPV than AFP alone when used for comparing HCC patients with cirrhosis patients and healthy controls. So, DKK1 could not be considered alone as a substitute for AFP in screening of HCC. However, DKK1 and AFP together could be considered to improve the accuracy of the screening.

According to Kim et al, 2015,[@CIT0022] the cut off of DKK-1 value was 1.01 ng/mL (AUC=0.829; sensitivity, 90.7%; specificity, 62.0%), AFP cut off value was 7.5 ng/mL (AUC=0.794; sensitivity, 69.3%; specificity, 87.6%). According to Yang et al, 2013,[@CIT0019] AFP cut off value of 20 ng/mL had sensitivity of 28.8%-50% in 2 independent cohorts.

According to Kudo et al, 2010,[@CIT0023] AFP cut off value of 100 ng/mL had sensitivity of 20%-30%.

In the current study, DKK1 at cut off level of 1.4 ng/mL had sensitivity of 90% and specificity of 100% respectively. This was similar to a study by Zahran et al, 2016,[@CIT0013] which showed the same results. On the other hand, it does not agree with Fouad et al, 2016,[@CIT0020] who stated the optimum cut off level was 1.5 ng/mL (sensitivity was 67% and specificity was 89.3%).

Regarding serum AFP in our study, cut off level \> 8.5 ng/mL had sensitivity and specificity of 60% and 70% respectively, which agreed with Zhao et al, 2017,[@CIT0024] who stated that AFP had sensitivity of 39--65% and a specificity of 70--94%, but our study does not agree with Chan et al, 2013,[@CIT0025] who reported that the optimal AFP cut-off value was 10 ng/mL (sensitivity of 82.6% and specificity of 70.4%).

The limitation of this study was mainly the small number of patients. So, large sample size and long period of follow up might be needed.

Conclusion {#S0005}
==========

Patients with early HCC, and AFP negative HCC patients have high serum levels of Dkk-1 and sensitivity and specificity were higher than AFP. In addition, serum Dkk-1 decreases after intervention (RF and MWA) and increases again after recurrence with higher accuracy for detection of recurrence than AFP. Serum Dkk-1 alone or in combination with AFP can improve the diagnostic efficacy of early detection of HCC compared to AFP alone.
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